Summary Renal involvement is known to occur in leprosy. In the present study the possible role of reactive oxygen species (ROS) in causation of renal damage in mice infected with My cobacterium leprae has been investigated. At least six animals fr om each group (control and infected) were killed at 0 day, 3, 6 and 9 months postinfection. The results showed a significant increase in the chemilu minescence (CL) response of peritoneal macrophages which was maximum between 3 and 6 months. No significant increase was observed in CL response of blood neutrophils. A significant increase in lipid peroxidation was observed at 3 and 6 months as evident by an increase in malondialdehyde levels. The increased ROS production might be the cause of lipid peroxidation. The renal damage is also evident by decrease in the activity of renal brush border membrane enzymes, namely, alkaline phosphatase, leucine aminopeptidase and r-glutamyl transpeptidase. Thus ROS might play a role during early stages of M. /eprae infection but in the later stages other immunological mechanisms may overpower the effect of ROS.
Renal involvement is known to occur throughout the spectrum of leprosy. The renal manifestations of leprosy need special attention as autopsy studies from India, Japan and Panama revealed that 11-37% of leprosy patients die of renal failure. l Recently Rajan et al. 2 reported that mortality due to renal failure was the single largest cause of death among leprosy patients. It is important therefore, to be aware of renal manifesta tions of leprosy.
The exact mechanisms of renal involvement in leprosy is not known. Most of the studies done to date have focused attention on the histopathological, immunological, bacteriological and fu nctional aspects. However, very little information is available regarding the biochemical mechanisms involved in renal damage. Renal dysfunction may be present even in the absence of morphological changes. The aetiology of this dysfunction whether, Mycobacterium leprae or some other simultaneous infection is not known. 3 The aetiology and pathogenesis of renal disease in leprosy, therefore, appears to be complex and multifactorial.
Since M. leprae is an intracellular pathogen and immune complexes are known to occur in leprosy, the possible role of reactive oxygen species needs evaluation. The reactive oxygen species (ROS), which include super oxide anion (0 2 --) hydrogen peroxide (H 2 0 2 ), hydroxyl radical (OH-) and singlet oxygen e 02) are produced by univalent reduction of molecular oxygen. Such ROS are being increasingly recognized as mediators of cell injury in various pathogenic states. 4 , 5 Although all the cell components are susceptible to attack by free radicals, lipids; particularly those containing unsatu rated fatty acids, are notably SO.
, 7
The oxidation of lipids by these radicals generates a series of lipid peroxides, hydroperoxides and aldehydes which are highly reactive and toxic. 8 The ROS mediated tissue damage can be demonstrated by measuring malon dialdehyde (MDA), a product of lipid peroxidation. The formation of lipid hydroper oxides in membranes would result in damage of the membrane structure 9 , 1 0 and the inactivation of membrane-bound enzymes. ll , 1 2 In the present study, we have investi gated the possible role of ROS in causation of renal damage. The production of ROS was evaluated by measuring the chemiluminescence response of peritoneal macrophages and blood neutrophils and renal damage was studied by measuring malondialdehyde level and assessing specific renal brush border enzymes, namely, alkaline phosphatase, leucine aminopeptidase and r-glutamyl transpeptidase.
Materials and methods

EXPERIMENTAL MODELS AND GROUPS
Closely bred lacca strain of Swiss albino mice (susceptible to fo otpad infection by M. leprae), 3-4 weeks old and raised in the Central Animal House of the Postgraduate Institute of Medical Education & Research, Chandigarh, India were used in the present study. The animals were divided into two groups: Group I consisted of 60 normal mice injected with normal saline in the right-hand fo otpad and served as control group.
Group II included 60 mice given M. leprae infection (1 x 10 4 M. leprae sjc) in the right hind fo otpad by the method of Shepard 13 using human skin biopsies from lepromatous leprosy (LL) patients with high bacillary counts (BI 4+ to 6+).
The animals from each group were killed periodically at 0 day, 3, 6 and 9 months after removing peritoneal fluid and blood. All the experiments were carried out in triplicate and the following investigations were carried out.
SEPARATION OF PERITONEAL MACROPHAGES AND BLOOD NEUTROPHILS
The peritoneal macrophages were obtained by the method as described by McCarron et al. 14 without injecting any eliciting agent. Briefly, the peritoneal macrophages were obtained by injecting McCoy's medium into the side of abdominal cavity and the distended peritoneal cavity was massaged gently and the fluid was aspirated out. The cells were then washed twice in McCoy's medium by centrifugation (225xG, 10 min at 4°C) and suspended in 2 ml of McCoy's medium. The cells were kept for sticking in 35 mm petriplates at 37°C in a humidified CO 2 and 95% air atmosphere for 90 min and the adherent cells were detached gently with a rubber policeman. The cells were aspirated out, counted and diluted.
For isolation of neutrophils, blood was collected by cardiac puncture and transferred to a siliconized centrifuge tube containing 0·2 ml of 3·5% dextran and 20 pJ heparin. The tubes were shaken and kept at room temperature for settling of the dextral red cell agglutinates. Neutrophils were separated from the blood by the method of Boyum. I S Briefly, the leukocyte-rich plasma was layered on the Ficoll isopaque gradient and centrifuged for 30 min at 4°C. In the pallet thus obtained, red blood cells were lysed by subjecting to osmotic shock lysis by using 0·87% chilled NH 4 Cl for 15 s. Subsequently McCoy's double strength medium was added and centrifugation at 200 x G for 5 min was done at 4°C. The pallet containing neutrophils was finally suspended in Minimum Essential Medium (MEM) without indicator at pH 7·2.
The viability of the cells (peritoneal macro phages and blood neutrophils) was checked using the Trypan blue exclusion method Tennant l6 and the final concentration of the cells was adjusted to 2 x 10 6 /ml.
CHEMILU MINESCENCE ASSAY
The chemiluminescence (CL) response of blood neutrophils and peritoneal macrophages was measured by the method of Cheung et al Y 10 pJ of luminol (5 mg/ml of 0·1 N NaOH) was used as a chemilugenic probe for the amplification ofluminescence and latex (20/ 1 1) Berthhold luminometer (Biolumat LB 9500C) adjusted at an integration mode and at 37°C. The results were expressed as counts per minute per million cells (cpm/ 10 6 cells).
PREPA RATION OF RENAL BRUSH BORDER MEMBRANE VESICLES (BBMV)
The renal BBMV were prepared by the method of Malathi et al. 1 8 as modified by Turner & Moran. 1 9 Briefly, after decapsulation renal cortex was removed and suspended in homogenizing buffer. The tissue was homogenized for 10 min at full speed in a tissue homogenizer. The resulting homogenate was left on ice for 10 min with CaCI 2 . After differential centrifugations the pallet obtained was suspended in the reconstitution buffer containing 300 mM mannitol, 1 mM Tris buffer at pH 7·5 and repeatedly passed through a 25 gauge needle. The vesicle preparation was finally incubated at 30°C for 15-20 min and then stored at 20°C until used.
ESTIMATION OF MALONDIALDEHYDE (MDA)
MDA was estimated by the method of Maridonneau et al. 2 D The rate of fo rmation of MDA, a thiobarbituric acid reactive substance, was assayed in renal BBMV spectro photometrically at 535 nm after its extraction into butanol layer. 1,1,3,3-tetra ethoxy propane was used as standard. The amount ofMDA formed was expressed as n mole/mg protein.
Proteins in the renal BBMV were estimated by. the method of Lowry et al. 2 I
ASSAY OF RENAL BBM ENZYMES
The biochemical assessment of the activity of enzymes known to be characteristic of a renal brush border membrane, namely alkaline phosphatase (AP), leucine aminopepti dase (LAP) and ,-glutamyl transpeptidase (,-GT) was done by the methods of Bergmeyer et al., 22 Goldberg & Rutenberg 23 and Naftalin et al ? 4 respectively.
ASSESSMENT OF BACILLARY GROWTH
The fo otpads of mice were used to harvest acid-fast bacilli (AFB) as described by Desikan & Venkataramariah. 25
STATISTICAL ANALYSIS
The statistical significance was calculated using students' t-test. All the values have been presented as mean ± standard deviation (SD) of triplicates.
Results
CHEMILUMINESCENCE RESPONSE OF PERITONEAL MACROPHAGES
A marked increase (P < 0·001) was observed in the CL response of peritoneal macrophages at 3, 6 and 9 months in the infected group as compared to the control group. However, the CL response at 9 months was much less compared to that observed at 3 months (Figure 1) . A slight increase (P < 0·05) in CL response of blood neutrophils was observed in the infected group (751·28 ± 33·04) as compared to the control group (698·87 ± 42· 43) only at 6 months ( Figure 2 
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MALONDIALDEHYDE PRODUCTION
A significant increase (P < 0·00 1) was found in MDA at 3 and 6 months as a result of M. leprae infection in the infected group as compared to the control group (Figure 3 ).
ACTIVITY OF BBM ENZY MES
ACtivity of alkaline phosphatase
The enzyme activity in the infected group was found to be decreased significantly at 3 (P < 0' 01), 6 (P < 0·00 1) and nine months (P < 0·001) when compared to the control groups ( Figure 4) .
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Activity of Leucine aminopeptidase
A significant decline in the activity of this enzyme was observed in infected groups at 3 (P < 0· 01), 6 (P < 0· 001) and 9 months (P < 0· 01) as compared to their control groups ( Figure 5) . ,. ,. ,.
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[E] CONTROL GROUP -INFECTED GROUP --TIME PERIOD _ Figure 6 . Specific activity of ,-glutamyl transpeptidase in renal brush border membrane vesicles at 0 day, 3, 6
and 9 months postinfection.
Activity of ,-glutamyl transpeptidase
A marked decrease (P < 0·00 1) in the enzyme activity was observed in the infected group at 3 and 6 months as compared to the control groups. However, at 9 months, no significant difference was observed in the activity of this enzyme between infected and control groups ( Figure 6 ).
BACTERIAL FOOTPAD COUNTS
The bacterial fo otpad counts were fo und to fo llow the characteristic patterns of growth after inoculation with M. leprae. The bacterial fo otpad counts increased linearly fr om 3 to 6 months fr om 0·892 x 10 4 ± 0·36 x 10 4 to 2·45 X 10 5 ± 0·92 x 10 5 reaching a stationary phase of growth at the end of 9 months when the counts were 2·28 x 10 5 ± 0·23 x 10 5 .
Discussion
The results of the present study show that there is an increase in chemiluminescence response at 3, 6 and 9 months postinfection with M. leprae. The response was maximum at 3 months. The ROS production showed a good correlation with peak bacterial counts in the mouse fo otpads. The bacterial fo otpads pattern showed a linear increase fr om 3 to 6 months postinfection, representing the logarithmic phase of organism. However, at 9 months postinfection, stationary phase of bacillary growth is reached. The higher ROS production as indicated by CL response could be due to bacterial load which lead to greater stimulation. Brett & Butler 26 observed higher monocyte/macrophage activation in the BALB/c strain of mice which is susceptible to M. lepraemurium infection than C57 BL strain of mice which are resistant to infection. Our results indicate that there is an increased production of ROS initially on stimulation as indicated by CL response but later some other suppressor mechanisms start acting, making the production of ROS inactive. This could be due to an increase in the bacterial load.
Our results indicate no significant increase in the CL response of blood neutrophils at 3 and 9 months and a slight increase was observed at 6 months only. This could be due to the fact that although neutrophils are phagocytic and constitute the first line of defence, they are conspicuous by their absence in the typical lesions of leprosy.
In cell-mediated immunity, prominent role is played by macrophages. Macrophage functions and their immune mechanisms play a very important role in the spectrum of leprosy throughout. Macrophages also constitute a prominent part of renal lesions as is evident by histopathological alterations in kidneys of these animals at 3, 6 and 9 months postinfection with M. leprae (data not included). The inflammatory cells in renal lesions consisted chiefly of mononuclear cells, plasma cells and lymphocytes. To study the chemiluminescence response of phagocytes, in the present study blood neutrophils and peritoneal macrophages were used. This indirect approach was adopted because of the difficulties in harvesting an adequate number of blood monocytes and renal macrophages.
The observed increase in MDA levels in the infected group at 3 and 6 months reflects increased lipid peroxidation. These two parameters (CL response and MDA production) are well correlated, thereby demonstrating that tissue damage is due to ROS at 3 and 6 months.
ROS can cause lipid peroxidation and disrupt membrane functions. The decrease in the activities of enzymes indicating renal damage, was found to correspond to the increased levels of MDA. A positive correlation between the two demonstrated that the tissue damage might be a direct consequence of lipid peroxidation. Lipid peroxidation have been shown to produce various toxic effects on cell structure as well as function including changes in membrane fluidity, permeability and loss of membrane integrity, protein degradation and ultimately cell lysis 27 . As a result of lipid hydroperoxide fo rmation in membranes, damage to the membrane structure 9,1 0 and inactivation of membrane-bound enzymes 1 1 , 1 2,28 could result. The activities of various BBM enzymes have been reported to be decreased in the renal BBM during pyelonephritis and could be used as biochemical markers of tissue injury or the disease. 29 The activities of renal BBM enzymes have also been found to decrease in experimental leprosy. This has been fu rther confirmed by altered transport of nutrients across renal brush border membrane in experimental leprosy. 3o
Although the effects seen in the mouse model are very transient, these might form a nidus for fu rther damage in this infection. The ROS production might play a role in renal damage at early stages of M. leprae infection. In the later stages, other immunological mechanism may overpower the effect of ROS.
In human lepromatous leprosy, the secretion of renal brush border enzymes, namely alkaline phosphatase, leucine aminopeptidase and r-glutamyl transpeptidase has been reported. 3 1 It appears that the damage to renal tubules is caused by M. leprae or immune complexes leading to the shedding of these enzymes in the urine. The findings of increased secretion might be helpful in the early detection of renal involvement in leprosy patients and may possibly serve as an indicator of the response to multidrug therapy or a relapse in treated patients, as the present paper shows that these might be operative at a renal level.
